PUBLIC REVIEW DRAFT

STAFF REPORT
FOR THE

KLAMATH RIVER
TOTAL MAXIMUM DAILY LOADS (TMDLys)
and ACTION PLAN ADDRESSING
TEMPERATURE, DISSOLVED OXYGEN, NUTRIENT, and
MICROCYSTIN IMPAIRMENTS IN CALIFORNIA

June 2009

State of California
North Coast Regional Water Quality Control Board
5550 Skylane Boulevard, Suite A %
Santa Rosa, California 95403
707-576-2220 Water Boards
www.waterboards.ca.gov/northcoast



http://www.waterboards.ca.gov/northcoast




TMDL Development Team

Steve Butkus
Katharine Carter
Clayton Creager

Elmer Dudik

Ranjit Gill

David Leland

Holly Lundborg
Alydda Mangelsdorf
Bryan McFadin
Samantha Olsen
Matt St. John
Ben Zabinsky

This TMDL is dedicated in loving memory to Elmer Dudik and Dr. Ranjit Gill
who worked tirelessly in their duties to improve water quality in the Klamath River basin and
throughout the North Coast to ensure that California’s water resources were pollutant free, and
beneficial uses were protected for all to enjoy. Their work to protect and restore water quality is
a lasting testament to their dedication to the environment and to the people of California.
They are sorely missed.

Acknowledgments

Working in collaboration with Oregon Department of Environmental Quality, US Environmental
Protection Agency Regions 9 and 10, and Tetra Tech, Inc., the TMDL Development Team of the
North Coast Regional Water Quality Control Board was responsible for data collection, data
interpretation, modeling, and preparation of the report. This report would not have been possible
without the efforts and contributions of many people and organizations including:

US EPA Region 9 — Susan Keydel, Gail Louis, and Maria Rea

US EPA Region 10 — Ben Cope and Mark Filippini

Oregon Department of Environmental Quality — Steve Kirk, Eric Nigg, Dan Turner

Tetra Tech, Inc. — John Butcher, Mustafa Faizullabhoy, Andrew Parker, and Rui Zou

US Geologic Survey — Debra Curry, Alan Flint, Laurie Flint

The multiple agencies, Tribes, companies, and private individuals who collected data in the
basin

Our thanks and appreciation to you all.






TABLE OF CONTENTS

TABLE OF CONTENTS ..ottt sttt b ne e i

LIST OF FIGURES ...ttt et e ae st e ne e et enreenneenee e vi

LIST OF TABLES .......o oottt bbb ne et e e stesbennenreas X

CHAPTER 1. INTRODUCTION

I R O 1T VTSP 1-1

1.2 RepOrt OrganiZaliON.........c.eciiiiiiieiiieiiee ettt e e e e e e sreeabaeannas 1-4

1.3 TMDL Development and AdOPLION PrOCESS.........ccceiiririiieieniesiesieseseeee e 1-5

1.4 Regulatory Framework and Purpose of the TMDL ..........ccccoiiiiiiiic i 1-6

1.5 Other Ongoing Regulatory Processes in the Klamath River Basin ...........ccc.cccocvennne. 1-7

1.5.1  Tribal Trust ReSpONSIDIILIES .........cccviiiiiiiie e 1-8

1.5.2  ESA CONSUIALION .....coiiieiieie et ae e sraeneeeneens 1-8

1.5.3  Water Quality CertifiCation ...........ccccueiiuiiiiiiiie et 1-8

1.5.4 Klamath Basin Restoration Agreement and Agreement in Principal.................... 1-9

1.6 PRYSICAI SEELING ..ovvviiiieiiie et e e nes 1-9

1.6.1  Population and Land OWNErShip .......cccooceviiiiiiiieseeee e, 1-10

1.6.2 Topography, Geology and SOilS.........ccceiieiiiiiie i 1-10

1.6.3  VEOBTALION ...ttt bbbttt 1-16

1.6.4  CHMALE ..oiiiiiiiiieiie et ettt b bbbt e e b e nn e bt et e et e 1-16

1.6.5  HYAIOIOQY ...ocooiieieiieiiiieeee ettt 1-20

1.6.6  WWALEEN USE ...ttt n e 1-21

1.6.6.1 Water Rights of the Klamath River Basin, California................c......... 1-23

Chapter 1. REFEIENCES . ......cviviveeieietecteeee ettt sttt ettt sttt re st ae st rese e 1-26
CHAPTER 2. PROBLEM STATEMENT

2% A | oY oo U Tox £ o] o F RSP PSP OPUPPPRTPRPY 2-1

2.1.1 Non-TMDL Factors and Other Regulatory ProCESSES ...........ccovvrvrvereereniesenienns 2-2

2.2 Water QUality StandardS ..........ccoeiiiiiiieiieiie e 2-3

2.2.1  Water Quality Control Plan for the North Coast Region ...........c.ccocevvienencninnn. 2-4

2.2.1.1 Beneficial USES.......cooiiiiiiiiiiieieece e 2-4

2.2.1.2 Water Quality ODJECLIVES .......ccooiiiiiriieieieie e 2-5

BI=] 0] 01T = LU TP 2-5

DiSSOIVE OXYGEN ...ttt 2-6

INUEFTENTS L. et 2-7

Nutrient-Related Water Quality ODJeCtiVES ........cccocvviiiiiiiiiiiciei 2-7

2.2.1.3  Antidegradation POIICIES .........cceiiiiiiiiiii e 2-8

2.2.1.4 Program of Implementation...........ccccvviirieiineniseseee e 2-8

2.2.2  Tribal Water Quality Standards...........cccceiiieiiiiiiciie e 2-9

2.2.2.1 Hoopa Valley Tribe Beneficial USeS.........cccccoviriiiiiininiiiencieseseeis 2-9

2.2.2.2 Hoopa Valley Tribe Water Quality Criteria........c..ccoceevvevieeiieiiiennenn, 2-9

DiSSOIVE OXYGEN ...ttt 2-9

INUEFTENTS L. 2-10

Nutrient-Related Water Quality Criteria ..........ccoovvvvivvieienencnininiens 2-11



2.3

2.4

2.5

2.2.2.3 Karuk Tribe, Resighini Rancheria, and Yurok Tribe

BenefiCial USES.......couviiiiieiieie et 2-11
2.2.2.4 Karuk Tribe, Resighini Rancheria, and Yurok Tribe, Water Quality
ODbjJectiVes and CrItEITa.......coviereririeieer e 2-12
Numeric Targets for the Klamath River basin TMDLS..........cccccceviiivii v, 2-15
2.3.1  TEMPEIALUIE.....ceietieee ettt nreene e 2-15
2.3.2 Dissolved Oxygen and Nutrient-Related.............cccocveiieiiiiiiiie e, 2-15
2.3.2.1 Benthic Algae BIOMASS .........cccoviririnieieie e 2-15
2.3.2.2 Suspended Algae Chlorophyll-a, Microcystis aeruginosa, and
MICTOCYSEIN TOXIN .vviiiiiiie st 2-16
Water Quality Conceptual Models OVEIVIEW .........ccccoevviiiiiiieiiie e 2-26
2.4.1 Klamath River Nutrient and Temperature Conceptual Models.............cccceeenene 2-27
2.4.2  Nutrient Conceptual Model Environmental Conditions and Cofactors .............. 2-31
2.4.2.1 Nutrient Related Effects on ProductiVity ............ccocvvvvieiinencnicnennn 2-31
2.4.2.2 Nutrient Related Effects on Ammonia TOXICItY.........cccevveiiieiiieiinnns 2-35
2.4.2.3  Nutrient RiSK COfaCtOrS.........coeiieiiiieiiere e 2-35
2.4.3  Temperature Conceptual Model Environmental Conditions and Cofactors ....... 2-37
2.4.3.1 Thermal Processes Related to Solar Loading..........c.cceevevereneneniennne 2-37
2.4.3.2 Thermal Processes Related to Sediment Load ...........cccooeveiniirinnnnnne 2-38
Increased Width-to-Depth Ratios..........cccooeiiiiniiiiniee e, 2-38
Decreased Hyporheic EXchange ... 2-39
2.4.3.3 Thermal Processes Related t0 FIOW ..........cccccevvivviieiiiecc e 2-40
2.4.3.4 Thermal Processes Related to Direct Thermal Discharges .................. 2-40
2.4.3.5 Thermal Processes Related to Impoundments............ccccoovvveneneriennnnn 2-41
2.4.3.6  Temperature Risk COfactors.........cccoviiiiiiiieiie e 2-41
2.4.4  RESPONSES/OULCOIMES......eoiiiiieitiiteeieeiteie ettt sttt e bbb sbenneas 2-42
2.4.4.1 Migration/Avoidance Barrier (Dal).........ccocceviiiiieiieiiiecie i 2-42
2.4.4.2 Decreased Spawning and Reproductive Success (Da2) ........cc.cceeveneene. 2-43
2.4.4.3 Increased Physiological Stress (Da3)........ccccevvviiveeiieiiiieiie e 2-43
2.4.4.4 Increased Incidence of Fish Disease (Ceratomyxa shasta and
Columnaris) (Da4)......cccveiiieiie it 2-44
2.4.4.5 Decreased Juvenile Growth (DaS) .......cccceovviiinininiiiceesc e 2-45
2.4.4.6 Increased Fish Mortality and Lower Overall Populations
(DaB, DA7, Da8) .....cccveueeueeiiieiieeiesee st e e 2-46
2.4.4.7 Impacts to Cultural and Harvest-Related Activities
(Da9, Dal0, DALL) ...c.cccveieieieeiiesieeie e siee e ee st 2-46
2.4.4.8 Impacts to Municipal Supply, Recreation, and Traditional/Cultural Use
(Db1, Db2, DD3, DB4) ...ttt 2-47
Evidence of Water Quality Objective and Numeric Target Exceedances................. 2-47
2.5.1 Temperature and Nutrient Data SOUICES ..........ccccvrieierererenisieee e 2-47
F T A =10 10 1= LN SRS RRI 2-47
2.5.2.1 Mainstem Klamath RIVET ........cccccveiiiiiiieieie e 2-49
2.5.2.2  Tributaries to the Klamath RIVEr..........cccooiiiiiiii 2-52
2.5.2.3  RESBIVOIIS .. .icieiiiecieeie e see sttt e et e e st ente et e sreesraeseeneens 2-53
2.5.3  Nutrients and Indicators of Nutrient-Related Impairment .............ccccccevvvevnnennn 2-54
2.5.3.1 Nutrient CONCENratiONS ........cccerverieriierrere e se e see e 2-54



2.5.3.2 Benthic Algal BIOMASS .......ccccccvviiiiiiiiieiie e 2-56

2.5.3.3 Diurnal DO and PH .....ooiiiiiiiiee e 2-57
2.5.3.4 Chlorophyll-a — RESEIVOIIS .....c.cccviiiiiiieiiiccie e 2-59
2.5.4  Blue-Green Algae and MiCroCystin TOXIN .......ccccueirierererenisisieee e 2-61
2.5.5  DiSSOIVED OXYGEN ..ottt e e abe e reeena e 2-63
2.5.8  PH oottt e ra et e 2-66
2.5.7  AMMONIA TOXICITY ..viiiieiiieiiie sttt e e e sraesnne e 2-67
2.5.8  SEUIMENT......eiiiiie et e e e be e esneesteeeeanaeaneenneas 2-68
2.6 Evidence of Beneficial Use IMpairment.........ccccooviiieiiic i 2-69
2.6.1 Evidence of Impairment to Cold Freshwater Habitat (COLD), Rare, Threatened, or
Endangered Species (RARE), Migration of Aquatic Organisms (MIGR), and
Spawning, Reproduction, and/or Early Development (SPWN)........cccccevirennene 2-70
2.6.1.1 Salmonid Population Decling..........cccccovviiiiiiii i 2-70
Fall Chinook Salmon.........ccceiiiiiie e 2-70
Spring Chinook Salmon ..o 2-70
R C=Tc] g T=T= Vo I o | OSSR 2-70
Spring/Summer Steelhead Trout..........ccocveiie i 2-71
Fall Steelhead TroUL........c.coiveiiee e 2-71
Winter Steelhead TroUt.........cccooiiiiiiiiie s 2-71
C0N0 SAIMON ..o 2-71
2.6.1.2 Juvenile and Adult Fish KillS.........ccoooiiiiiii 2-72
2.6.1.3 Adult and Juvenile Salmonid Migration Barriers and Spawning and
Rearing Habitat Degradation............cccocveviiiiii i 2-74
2.6.2  Impairment of Native American Culture (CUL) and Subsistence Fishing (FISH)
BeNETICIAl USES ......oiiiiiiiie e 2-76
2.6.2.1 Decline in Salmonid and Other Fish Populations ..............ccccceevienene 2-76
2.6.2.2 Degraded Water QUAlity.........cccooiiiiiiiiiieiiic e 2-78
2.6.3 Impairment of Water Contact Recreation (REC-1), Non-Contact Water Recreation
(REC-2), and Municipal and Domestic Supply (MUN).........ccccovviiiiiieiiiciinns 2-82
2.6.3.1 Recreational IMPACES ........cccoeieiiiiniiieee e 2-82
2.6.3.2. Health IMPactS.......ccceiiiiic e 2-83
2.6.3.3. ASENELIC IMPACES .....ooviiiiieiie e 2-83
2.6.4 Impairment of Commercial and Sport Fishing (COMM) ........cccccovvvvieiiicinnene, 2-84
2.6.4.1 In-River Sport Fishing Impairment...........ccccovniiinininiiienee e 2-84
2.6.4.2 Ocean Sport Fishing Impairment ..........cccccoeeiieiii i 2-85
2.6.4.3 In-River Commercial Fishery Impairment...........ccccoovvvvivienenciennnnn 2-85
2.6.4.4 Ocean Commercial Fishery Impairment ...........cccccoooveviiiiieiieecie s 2-85
2.7 Problem Statement SYNTheSIS. ... 2-87
Chapter 2. RETEIBNCES. ... .ciiiiiie ittt be e st e e sbe e s be e reeannaeas 2-89
CHAPTER 3. ANALYTIC APPROACH
T8 A 1 a1 oo [T o] o PSSRSO 3-1
072 \V/ [oTo (=1 [T o [N o] o] goT: Uol o ISP 3-1
3.2.1 Primary Models APPHE........coiiiiiiiiiieee e 3-1
3.2.1.1 Model Configuration and TeStING .......ccccocveiieiiieiii e 3-4
3.2.1.2 Assumptions, Limitations, and Uncertainty .........cccccevvviververesinesnenne. 3-7



3.2.2  Nutrient Numeric Endpoint ANalySiS........cccociviiieiiiiiie e 3-7

3.3 Model Application to TMDL Determination ............ccoceoererininenisieeeese s 3-8
3.3.1  CUITeNt CONGITIONS ..ottt sb e 3-9
3.3.2  Natural Conditions BaSeliNe...........ccceiieieeieiie e 3-9
3.3.3  TMDL COMPHANCE ...ecvieiiie ettt reas 3-10
3.3.3.1 Temperature Compliance IN OregoN .........ccevereienerisesieeiese e 3-10
3.3.3.2 Temperature Compliance in California............cccooovevieiiiiiiiiiic e, 3-10
SNASTA RIVET ... 3-11
SCOE RIVEL ..ottt 3-12
SAIMON RIVEL ...ttt nnees 3-16
TEINIEY RIVEL Lo 3-17
3.3.3.3 Dissolved Oxygen and pH Compliance in Oregon ...........c.ccoevveeeennen. 3-17
3.3.3.4 Dissolved Oxygen Compliance in California...........cccccocevvvevieiinennnenn 3-18
3.3.4 DM IMPACES ...ttt 3-18
Chapter 3. RETEIBNCES. ... .ccuiiiiee ittt et e s e be e s be e reeannaea 3-19
CHAPTER 4. POLLUTANT SOURCE ANALYSIS
St 1 o oo U Tt 1 o o OSSR 4-1
4.1.1 Pollutant SOUICE CateQgOriBS.......eiiuieiiieiiieiiie it esieesie e see e re e ba e sre e see e rba e s e e nree s 4-2
4.1.2 Natural Conditions Baseline - Background LOads..............ccoevevrreneneneneneneeeen, 4-3
4.1.3 Pollutant SOUrce L0ads — OVEIVIEW ........ccceivirirnieiieniesiee sttt 4-5
4.2 Pollutant SOUICe Area LOAAS .........veiveiieie e sieee et sie e ae e e sae e e 4-11
4.2.1 Stateline — Upper Klamath Basin...........cccoviiiiiiiiiiiccc e 4-11
4.2.1.1 TeMPEIALUIE.....eiiieiiieesieeie ettt 4-11
4.2.1.2 Nutrients and Organic Matter.........c.cccoeiieeiie e 4-12
4.2.2 Copco 1 and 2 and 1ron Gate RESEIVOIIS ........ccvvieriiiiiesiesiieie e, 4-13
4.2.2.1  TeMPEIALUIE......eviiiiieeiiie ettt e et e et e et e e sbe e s e e snb e e e snaeeeas 4-13
4.2.2.2 Dissolved Oxygen, Nutrients, Organic Matter, Chlorophyll-a,
Microcystis aeruginosa and MiCrOCYSHIN ........c.cccvvvvieiiieiiieciie e 4-15
DiSSOIVE OXYGEN ...ttt 4-15
Changed Environment, Internal Nutrient Cycling, and Biostimulatory
(@F0] 1T [ 1103 LS USRS 4-16
Role of Copco and Iron Gate Reservoirs in Klamath River Nutrient
DYNAMICS ...ttt 4-19
4.2.3 1ron Gate HAtChEry.........ooviiiiiii e 4-21
4.2.3. 1 TeMPEIALUIE.....eiiiiriieieeie ettt 4-21
4.2.3.2 Nutrients and Organic Matter.........c.cccoveiiieeiiieiiie i 4-22
O S 4 o0 = £ SR 4-22
4.2 4.1 TeMPEIATUIE......oviiiiiieiiiie e ciiee et sre e e e e et e e s srae e e sbbe e e nnreeans 4-22
SNASTA RIVET ...t 4-23
SCOME RIVET ..t et 4-25
THINITY RIVET Lo 4-28
Effects of Shade on Klamath River Tributaries...........c.cccovvviiiieninnne 4-29
Effects of Sediment Loads on Klamath River Tributaries..................... 4-30
4.2.4.2 Effects of Suction Dredging on Thermal Refugia...........cccccovevvviinnne 4-31
4.2.4.3 Nutrients and Organic Matter............ccooereieiieniiiiinieee s 4-32



Chapter 4. RETEIENCES. ... .cciiiiie ettt e e s e e sae e beesreeeneeas 4-35

CHAPTER 5. KLAMATH RIVER TMDLs - ALLOCATIONS and NUMERIC TARGETS

T8 A | oY1 oo LT o] o SRS 5-1
5.1.1 NUMEIIC TGRS, ...uviiiiiiiiieitie ettt sttt re st e e e s e e e be e e e saeeabe e s rae e raeenneeas 5-1
51.1.1 Temperature NUMEriC TArgelS.....ccooririririeieie e 5-1
5.1.1.2 Dissolved Oxygen and Nutrient-Related Numeric Targets................... 5-3
5.1.2 Loading Capacity, Allocations, and Margin of Safety ...........ccccevririiniininiennnn, 5-3
5.1.2.1 Temperature Loading Capacity, Allocations, and Margin of Safety ..... 5-3
5.1.2.2 Dissolved Oxygen, Nutrient and Organic Matter Loading Capacity,
Allocations, and Margin of Safety ...........cccccevveiiiiiniiic s 5-5
5.2 Temperature-Related Numeric Targets and AHlOCatioNS............ccovvvrenenininieienns 5-11
5.2.1. Watershed-Wide Temperature-Related Targets and Load Allocations in
(OF: 1 1) {01 1] - USROS 5-11
5.2.1.1 RIparian Shade .......cccoooiiiiiie e 5-11
5.2.1.2  EXCESS SEAIMENT......ciieiiieieiiesieesie e eie s ste e e e ee e e nae e sneenees 5-14
5.2.2 Temperature Numeric Targets and Load Allocations at Stateline........................ 5-15
5.2.3 Temperature Numeric Targets and Load Allocations to Copco 2 and
IFON GALE ..ottt b e enne e 5-16
5.2.4 Temperature Numeric Targets and Waste Load Allocations to
Iron Gate HAtChery.........oovi i 5-18
5.3 Dissolved Oxygen and Nutrient-Related Numeric Targets and Allocations............. 5-19
5.3.1 Dissolved Oxygen and Nutrient-Related Numeric Targets and
Load AllOcations at StateliNe..........cccocvevvereerieriee e 5-18
5.3.2 Dissolved Oxygen and Nutrient-Related Numeric Targets and
Load Allocations to PacifiCorp Facilities in California ...........ccccoooeveninvnicnnnn, 5-20
5.3.2.1 Copco 2 and Iron Gate Reservoir TargetS........cocevvveveeiveeieesiieesiee e 5-20
5.3.2.2 Copco 1 and 2 and Iron Gate Reservoir Load Allocations................... 5-21
5.3.3 Dissolved Oxygen and Nutrient-Related Numeric Targets and
Waste Load Allocations to Iron Gate HatChery ..., 5-25
5.3.4 Dissolved Oxygen and Nutrient-Related Numeric Targets and
Load Allocations to California TribUtaries..........ccoeveveiieieienescseeeee e 5-26
Chapter 5. RETEIBNCES. .....ccviiiii ettt e be e e e e sraeeree e 5-29
CHAPTER 6. IMPLEMENTATION PLAN
G T80 A 1 01 oo [T 1 o] o S PSSSPSTR 6-1
6.1.1 Basin-Wide TMDL Implementation............ccccouviiieiiiiiic i 6-1
6.1.2 Klamath Hydroelectric Project, Klamath Basin Restoration Agreement, and
Dam Removal AQreeMENT..........cuiiiie it 6-2
6.1.3 Nonpoint Source Land Use Activities and Controls............ccoovvviienencncnnnnenn. 6-3
6.1.4 Regulatory Requirements of TMDL Implementation Plans............ccccceeeiiieninnnnn 6-4
6.1.5 REQUIALOIY TOOIS....c.iiiiiiiieieie sttt 6-5
6.1.5.1  State Nonpoint SOUICe POLICY.........cccvieiiiiiiieiie e 6-6
6.1.6 Implementation Plan Organization .............c.ccooeeieieiine i 6-7
6.2 Implementation of Allocations and Targets — Stateline ...........ccccocoevveevie e, 6-8
6.2.1 AIOCAtIONS AN TAIGELS ....ueiiieiieieie ittt 6-8



6.3

6.4

6.5

6.2.2 RESPONSIDIE PArtIS .....eciieiieciii e 6-8

6.2.3  IMPIEMENTALION ..o 6-9
G B0t R @ | (-To [0 o PSPPSR 6-9
Oregon Department of Agricultural Water Quality Program................ 6-9
6.2.3.2 Regional Water Board’s ROIe.........c..cccevviveiiiiiiiiiiie e 6-10
6.2.3.3 Memorandum of Agreement to Coordinate State and Federal Agency
TMDL Implementation Actions in the Klamath River Basin............... 6-11
Implementation of Allocations and Targets - Klamath Hydroelectric Project
and 1ron Gate HatChEry ... 6-11
6.3.1 Klamath HydroelectriC PrOJECT ........ccooviiiiiiiceii s 6-11
6.3.1.1  Allocations and TargetS.......ccccueiveiiieiiie i 6-12
6.3.1.2  ReSPONSIDIE PAITIES.......coeiiiiiieiee e 6-12
6.3.1.3  IMPIemeNntation..........cccoveiieiiieiie e 6-12
Implementation MEASUIES ...........cccueverieiine e 6-14
6.3.2 110N Gate HACEIY .......oiiii e 6-15
6.3.2.1  AlloCations and TargetS........ccccureerierieririsesieie e 6-15
6.3.2.2  ReSpoNSIDIE PArtis.........cccveiiiiiiiiiiie st 6-15
6.3.2.3  IMPIEMENTALION......cciiiiiiie e 6-15
Implementation MEASUIES .........ccovviiieiiieiie e 6-15
Implementation of Allocations and Targets - Tributaries and Coordination
with Existing Klamath River Tributary TMDLS..........ccccooiiiiiieiieccie e 6-16
6.4.1 AIOCAtIONS AN TAIGELS ..oueivieiiiieierierie e 6-16
6.4.2 IMPIEMENTALION ......viiiiiiiic e 6-17
R B T o 11 1V S 6-17
6.4.3.1  Responsible Parties in the LOSt RIVET..........ccccoveiveeiiiiiie e 6-20
6.4.3.2  IMPIEMENTALION. ......cviiiiii e 6-20
6.4.3.3 USBR/USFWS Proposed Management Agency Agreement............... 6-20
6.4.3.4  Coordination with ODEQ and US EPA ...........ccceeie e 6-21
6.4.4  SNASTA RIVEL ...ttt e 6-21
6.4.4.1  ResSpONSIbIE PArties.......cccooiiiiiiiiiiieeese e 6-21
6.4.4.2  IMPIemMENtAtiON........c.ccoviiiiiecie e 6-21
OB Yot | A V. SR 6-22
6.4.5.1  ResponsibIe Parties. ..o 6-22
6.4.5.2  IMPIEMENTALION. ......coiiiiiiiiee e 6-22
6.4.6  SAIMON RIVEL ..o 6-22
6.4.6.1  ResSpoNSibIe PArties........cccovviiiiiiiiieieeese e 6-22
6.4.6.2  IMPIeMENTAtION........ccciviiiiiecie e 6-22
B.4.7  TIINITY RIVET ..ottt 6-23
6.4.7.1  ReSponSibIe Parties.........cccoeiiiiiiiiiiecie s 6-23
6.4.7.2  IMPIEMENTALION.......cviiiiii e 6-23
Implementation of Allocations and Targets — Watershed-Wide............ccccccovvvenennn 6-24
6.5.1 AIOCAtiONS aNd TAIGELS .....eiviiiieieieiierie e 6-25
6.5.1.1 Riparian Shade Allocations and Targets ..........cccccvevieivieviecveecreesnn, 6-25
6.5.1.2  Sediment Related Water Temperature Allocation and Targets............ 6-26
6.5.2 Watershed-wide Prohibition on Discharge of Excess Sediment.............ccccceenen. 6-26
6.5.3 Implementation Measures to Protect Thermal Refugia ............ccccoovviviiiincnenn. 6-28

Vi



6.5.4

6.5.5

6.5.6

6.5.7

B.5.3. 1 FIOW .ottt 6-28
6.5.3.2  Prohibition of Discharge in and Around Known Thermal Refugia in the
Klamath RIVEr BaSIN .........ccoviiiiiiii e 6-29
Identification of Known Thermal Refugia in the Klamath River Basin in
CalifOrNIA ... 6-29
Size of the Instream BUfer Ar€a..........ccovvevveieiiieieeie e 6-30
6.5.3.3  Coordination with the Department of Fish and Game ................c........ 6-32
Road Construction and MaintenanCe ...........c.ccoeeeriereienineseeee e, 6-32
6.5.4.1  ResSponsSible Parties.........cccoeiiiiiiiiiie e 6-33
6.5.4.2  EXisting Regulatory STrUCTUIE ..........coovriirinininieieee e, 6-33
6.5.4.3 Implementation to Address Road-Related Discharges on Private
02V o SR 6-33
Implementation Measures for Private Roads in the Klamath
g VT g == ] | S 6-34
6.5.4.4  Implementation Measures to Address County Roads .............cccccveenien. 6-34
Existing County Roads Program ..........ccccceveveiinisieniene s 6-34
Implementation Measures for County Roads...........ccccevvveiiiveiinierieenn, 6-35
6.5.4.5 California Department of Transportation ............cc.ccocevevvierencncnenienn 6-36
Recommended Implementation Measures for Caltrans....................... 6-36
Implementation Measures for Caltrans Facilities.............c.ccocoovennnen. 6-37
€] - V4] o TSSO 6-38
6.5.5.1  ResSpoNSible Parties. ..o 6-39
6.5.5.2  IMPIemeNtation...........cccueiiiiiiiiiiiie e 6-39
Protection and Maintenance of Riparian Shade .............c.ccocvvvviiienn, 6-39
Control of Sediment DiSCharges..........ccccovveiieiiievie e 6-39
Control of Nutrient and Organic Matter Discharges..........c.ccccevvenene. 6-39
Ranch Water Quality Management Plans............ccccoceviieiiiiiccieenen, 6-39
Implementation MEASUIES .........cceieiiiirieieiese e 6-40
Irrigated AQFICUITUIE .....oeoeie e sana e 6-41
6.5.6.1  ResponSible PArties.........cccooviiiiiiiiiiieesese e 6-41
6.5.6.2  IMPIEMENTALION.......cccviiiiiiic e 6-41
Water Quality Management Plans ..........ccoccoveveienininienieiese s 6-41
Implementation MEASUIES .........ccouveiiiieiieeiie et 6-42
TIMDEE HAIVEST ...ttt e e e nre e 6-43
6.5.7.1  ReSpoNSIibIe Parties........ccccoveiiiiiiiiieciie e 6-43
6.5.7.2  California Department of Forestry and Fire Protection Forest Practice
RUIBS ..o e 6-43
6.5.7.3  Maintenance of Riparian Vegetation that Meets the Riparian Shade
AOCALION .. s 6-43
Process for determining prescriptions for timber harvest of riparian
(V=T [=] 2= 1A o] o PSS TSOPRUSPRUPRS 6-44
Reference Shade CoNditioNS............coovririeiieneneneseseeee s 6-44
Where the existing overstory canopy is greater than the reference
[07) 1o 111 o] oSSR 6-44

Vii



Where the existing overstory canopy is less than the reference
conditions, or when the majority of trees (greater than 50%) are

below their full site potential height............ccccoooiiiiiii i 6-44
Additional measures to protect Class I Streams............cc.cceevevenennen, 6-45
Implementation MEASUIES .........ecivviiieiiee et 6-45
6.6 TMDL Implementation on Federally Managed Lands............ccccoovviniiiinincniennninns 6-45
6.6.1 ReSPONSIDIE PAITIES .....eoiviiiiie it 6-46
6.6.2 USFS Plans and POLICIES .......ccveuiiieieeiecie s et sae e enae e nnees 6-46
6.6.2.1  State Water Board and USFS guidance document............c..cccceevveennnnnn 6-46
6.6.2.2  NOrthwest FOrest Plan ..........cccooeiiveiiiiieiieiise e 6-47
6.6.2.3 Land and Resource Management Plans............cccccoevevieiiieiieiinc e 6-47
6.6.3  IMplementation MEASUIES..........ccoiiiiierieie e 6-47
6.6.3.1 Timber Harvest on Federally Managed Lands............cccccoevvviiiveiinennnn. 6-48
USFS Water Quality Guidance DOCUMENT..........ccvrerierereniniesieienes 6-48
Implementation ACHIONS .........coiviiiiiiiie e 6-49
6.6.3.2  Grazing on Federally Managed Lands ...........c.ccoovverenininenienienieen, 6-49
USFS/State Water Board Guidance Document............ccocceevereenieennnnn 6-50
Implementation ACHIONS .........cooviiiiiiiiieiee e 6-51
6.6.3.3 Road Management on Federally Managed Lands..........c...ccccccvvevvnennee. 6-51
Matching Road Maintenance Needs to Available Funding.................. 6-52
State Water Board and USFS Guidance Document.............cccceveennens 6-52
USFS Road Management POLICY ........cccuvviiiiininesineseeeese s 6-52
Existing Road Management in the Klamath National Forest.............. 6-53
Existing Road Management in Six Rivers National Forest.................. 6-53
Existing Road Management in Shasta-Trinity National Forest........... 6-54
Implementation MEASUIES .........ccoiiiiriiiiieiee e 6-54
6.6.3.4  Fire Management on Federally Managed Lands............ccccccvevvveiinennen. 6-54
6.7 Klamath River Water Quality Accounting and Tracking Program.............cc.ccecveun. 6-55
6.7.1  Program GOAIS ........cccviiiiiiieiie it ste et 6-56
6.7.2 Program ODJECTIVES..........ciuiiiriiiisiiiieie ettt bbb 6-56
I T N = G (=T 0SSP SPPR 6-57
Chapter 6. RETEIEBNCES. ..ottt bbb 6-58
CHAPTER 7. MONITORING PROGRAM
% S 1 011 0o [ Tox £ o] o F PRSPPSO 7-1
7.1.1 Components of the TMDL Monitoring Program...........c.ccocvvienieienenenesesesnenns 7-1
7.1.2 Chapter OrganiZatiOn .........ccveeiieiiiieiie et see e e e e sbeesbe e reeereea 7-2
7.2. Overview of the Klamath Basin Water Quality Monitoring Coordination
FRAMEBWOIK ...ttt ettt b ettt sttt snee b 7-3
7.2.1 Overview of the KBWQMCG ......ccooiiiieiieicce e 7-4
7.2.2 KBWQMCG Monitoring Plan Statement of PUrPOSE..........cccccvvviiiieiiieciic i, 7-5
7.2.3 KBWQMCG Monitoring Plan GOals ............ccccvriririineniiiiseeese s 7-5
7.2.4 Description of Current KBWQMCG Members Monitoring Efforts and Maps...... 7-6
7.2.5 Schedule for Completion of the Klamath River Basin Coordinated Water
Quality Monitoring PIaN .......cccooiiiiiiccecc e 7-6

viii



7.3 California Klamath River TMDL Monitoring Stations, Compliance Points, and

STAION ODJECTIVES ... bbb 7-8
7.4  Public Health MONITOFING ...ooovviiiieii e 7-8
741 Water SAMPIING ..c.eoieiiieeee e 7-14
7.4.1.1  SampPling LOCALIONS .......eciieeiieiiee sttt 7-14
7.4.1.2  Sampling FreqUENCY .......cocoiiiiiiiisieieie e 7-15
7.4.1.3  Sampling ProCeAUIES.......c.coiiiiiieiie e 7-15
7.4.2 TiSSUE SAMPIING ..ot 7-17
7.4.2.1  Yellow Perch Tissue Sampling .......cccccevviiiiiiiiiicic e, 7-17
7.4.2.2  Mussel TiSSUE SAMPIING......coiiiiriiiiiiiiieie e 7-18
7.4.2.3  Data QUAaILY ..ccoeeieeiiie et 7-18
7.5 TMDL Ambient Compliance and Trend MONITOFING.........cooceieriiieiineneneseseeeees 7-19
7.5.1 Continuous/ Multi-Probe MONItOrNG .........cccvveiieiiiiciie e 7-19
7.5.2 Water Quality Grab Sample Parameters..........ccocovvieiiieneie s 7-19
7.5.3 Trend Monitoring Locations, Parameters, FIEQUENCY .........cccevvvvereeiveerieesiieeninens 7-21
7.6 Additional Monitoring Needs and Key Questions for Special Study
(@] ] o (=] =1 o] o EE ST R TSRO UPRPRRTRTIN 7-24
7.6.1 Comprehensive Water Quality MONItoring .........ccooceveriniinienenenesescseeeeeenes 7-24
7.6.2 Temperature / FiSh REfUQIA ......ccvviiiiiiiiccic e 7-29
7.6.3 Relationship of Water Quality Conditions and Fish Disease...........c.cccccvcervrvnnnns 7-29
7.6.4 Blue-Green Algae / CYanOtOXINS .......ccveiiieeiiiieiieiieeseesiee e ssiee e esreesneeseesneens 7-30
7.6.5 Periphyton Characterization in the Mainstem Klamath River...........ccccocooivins 7-30
7.7 REASSESSIMEINT ...ttt ettt ettt et e e sbe e et e e abe e e be e ambeesneeanreeaseeannee e 7-30
Chapter 7. RETEIENCES. ..ottt bbb ne e 7-32
CHAPTER 8. ANTIDEGRADATION ANALYSIS
8.1 INTFOTUCTION ...ttt b e et e e b e et et snne b 8-1
8.2 State and Federal Antidegradation POlICIES ..........ccccviiiiiiiiiiice e 8-1
8.3 Applicability to the Klamath River TMDL Action Plan ..........cccccoccovviviiiiiciie e, 8-2

CHAPTER 9. CALFIRONIA ENVIRONMENTAL QUALITY ACT (CEQA)
ENVIRONMENTAL ANALYSIS
9.1 California Environmental Quality Act Requirements for Exempt-Regulatory

g 00 =T 0 03PN PP 9-1
9.2 Description of the Proposed ACHIVILY.........cccceiiiiiieiiic i 9-3
9.3 Environmental Setting and Land USES ..........ccccuiiiirieiineneneseseeeee e 9-5
9.4. Analysis of Reasonable Alternatives to the Proposed ACtiVIty .........ccccoecvvviveiiievinennne. 9-8
9.4.1 No Action - No Change in Basin Plan Language or in Program
IMPIEMENTALION ....eeiiiici e srae e 9-8
9.4.2 No Basin Plan Amendment and Increased Staff Focus on Implementation (and
Development) of State and Regional Regulatory Programs..........cccccceeveveeiveennen. 9-9
9.4.3 Adopt Basin Plan Amendments Based on the Federally Approved Klamath River
TMDL and Proposed Regionwide DO Objective Revision..........ccccccevvevveiineene 9-10
9.4.4 Adopt Basin Plan Amendment Based on the Klamath River TMDL developed by
Regional Water Board staff (Recommended Alternative)..........cccccecvevieiineiinnns 9-11



9.5 Analysis of Compliance Measures, Associated Environmental Impacts, and
Potential Mitigation IMEBASUIES...........coiiiiiieieie it 9-12
9.5.1 Analysis of Compliance Measures, Associated Environmental Impacts, and
Potential Mitigation Measures Associated with Actions to Achieve Load

Allocations and DO objectives at Stateling ..........cccccceevvvivii i 9-14
9.5.1.1 Analysis of Compliance Measures Associated with Actions to Achieve

Load Allocations and Proposed Revised DO Objectives at

SEALEIINE ... 9-15
9.5.1.2 Possible Environmental Impacts Associated with Actions to Achieve

Load Allocations and Proposed Revised DO Objectives at

SEALEIING ... 9-15
9.5.1.3 Possible Mitigation Measures to Avoid Impacts Associated with Actions

to Achieve Load Allocations and Proposed Revised DO Objectives at

SEALEIING ... 9-16

9.5.2 Analysis of Compliance Measures, Associated Environmental Impacts, and

Potential Mitigation Measures for Klamath Hydroelectric Project ..................... 9-16
9.5.2.1 Analysis of Compliance Measures, Associated Environmental Impacts,

9.5.2.2

9.5.2.3

9524

and Potential Mitigation Measures for Constructed Wetlands

TTEALMENT. ... it 9-17
Analysis of Compliance Measures Associated with Constructed Wetlands
TFEAIMENL......eieeee e et 9-18
Possible Environmental Impacts Associated with Constructed Wetlands
TEEAIMENT. ...t nree s 9-18
Possible Mitigation Measures to Avoid Impacts Associated with
Constructed Wetlands Treatment............ccccoeveieienienie e, 9-18

Analysis of Compliance Measures, Associated Environmental Impacts,
and Potential Mitigation Measures for Mechanical Removal of Algae

BIOMALTET ... 9-19
Analysis of Compliance Measures Associated with Mechanical Removal
Of Algae BIOMALTEr........coeieiiiicccee e 9-19
Potential Environmental Impacts Associated with Mechanical Removal
Of Algae BIOMALLEN ........ceiiiiiieecc e 9-19
Possible Mitigation Measures to Avoid Impacts Associated with
Mechanical Removal of Algae Biomatter.............ccoocevvniienineninnnenn, 9-20

Analysis of Compliance Measures, Associated Environmental Impacts,
and Potential Mitigation Measures for Conventional Wastewater

TrEALMENT. ... 9-20
Analysis of Compliance Measures Associated with Conventional
Wastewater Treatment..........ccvviiieeiiiie e 9-20
Potential Environmental Impacts Associated with Conventional
Wastewater Treatment..........cccveiiveeiiiie e 9-20
Possible Mitigation Measures to Avoid Impacts Associated with
Conventional Wastewater Treatment ..........ccccecvevieiieesiesiee e 9-21

Analysis of Compliance Measures, Associated Environmental
Impacts, and Potential Mitigation Measures for Wetlands
LT (0] -4 ] S 9-23



9.5.25

9.5.2.6

9.5.2.7

9.5.2.8

9.5.2.9

Analysis of Compliance Measures for Wetlands Restoration .............. 9-23
Potential Environmental Impacts Associated with Wetlands

RESTOTATION ... 9-23
Possible Mitigation Measures for Wetlands Restoration..................... 9-24
Analysis of Compliance Measures, Associated Environmental

Impacts, and Potential Mitigation Measures for Hypolimnetic
(@740 [=] 1T 14 o] [PPSR 9-25
Analysis of Compliance Measures for Hypolimnetic Oxygenation...... 9-25
Potential Environmental Impacts Associated with Hypolimnetic
OXYGENALION. ...ttt bbb 9-26
Potential Mitigation Measures for Hypolimnetic Oxygenation ........... 9-26
Analysis of Compliance Measures, Associated Environmental

Impacts, and Potential Mitigation Measures for Epilimnion

(OF 1 (010 -4 o] o USSR 9-27
Analysis of Compliance Measures Associated with Epilimnion
(OF 1 ol0 | F- 11 o] P USSR 9-27
Potential Environmental Impacts Associated with Epilimnion
(OF 1 ol0 | F- 11 o] USROS 9-27
Potential Mitigation Measures with Epilimnion Circulation............... 9-27

Analysis of Compliance Measures, Associated Environmental
Impacts, and Potential Mitigation Measures for Riparian

LTS 0] - 4[] o OSSR 9-27
Analysis of Compliance Measures Associated with Riparian
TS (0] 11 o] o S 9-27
Potential Environmental Impacts Associated with Riparian
TS (0] 11 o] o ISR 9-27
Potential Mitigation Measures with Riparian Restoration.................. 9-28

Analysis of Compliance Measures, Associated Environmental Impacts,
and Potential Mitigation Measures for Selective Withdrawal from a

Variable Outlet STFUCTUTE.........ooveiier s 9-28
Analysis of Compliance Measures Associated for Selective Withdrawal
from a Variable OQutlet StruCture..........cccooevveieice v 9-28
Potential Environmental Impacts for Selective Withdrawal from a
Variable Outlet STTUCTUIE ........ccveveeece e 9-28
Potential Mitigation Measures Protection for Selective Withdrawal from
a Variable Outlet STrUCTUIe .........coeviiieciece e 9-29

Analysis of Compliance Measures, Associated Environmental Impacts,
and Potential Mitigation Measures for Curtain Installation at Iron Gate

DAIM <. 9-29
Analysis of Compliance Measures Associated for Curtain Installation at
IroN Gate Dam........cooiiiiiiice e 9-29
Potential Environmental Impacts for Curtain Installation at Iron Gate
DAM e 9-29
Potential Mitigation Measures Protection for Curtain Installation at Iron
GaALE DAM ... e 9-29

Xi



9.5.3

9.54

9.5.5

9.5.2.10 Analysis of Compliance Measures, Associated Environmental Impacts,

and Potential Mitigation Measures for Turbine Venting............c.c....... 9-30

Analysis of Compliance Measures Associated for Turbine Venting .... 9-30

Potential Environmental Impacts for Turbine Venting ..............ccco..... 9-30

Potential Mitigation Measures Protection for Turbine Venting.......... 9-30
Analysis of Compliance Measures, Associated Environmental Impacts, and
Potential Mitigation Measures for Iron Gate Hatchery...........coccvveiiiciiiiiiecnn, 9-30
9.5.3.1 Analysis of Compliance Measures Associated for Iron Gate

HALCNEIY ..o 9-31
9.5.3.2 Potential Environmental Impacts for Iron Gate Hatchery.................... 9-31

9.5.3.3 Potential Mitigation Measures Protection for Iron Gate Hatchery....... 9-31
Analysis of Compliance Measures, Associated Environmental Impacts, and

Potential Mitigation Measures for Tributaries...........ccccooveviiivie e 9-31
9.5.4.1 Analysis of Compliance Measures Associated for Tributaries............ 9-32
9.5.4.2 Potential Environmental Impacts for Tributaries...........ccccoceviveieenne. 9-32
9.5.4.3 Potential Mitigation Measures Protection for Tributaries.................... 9-33

Analysis of Compliance Measures, Associated Environmental Impacts, and

Potential Mitigation Measures for Actions to Comply with the Watershed Wide

Allocations and Targets and Proposed Revised DO Objective ............ccccevevunnene. 9-33

9.5.5.1 Analysis of Compliance Measures, Associated Environmental Impacts,
and Potential Mitigation Measures for Road and Crossing Construction
and Maintenance ACHIVITIES .........ccvivereeri e 9-33
Analysis of Compliance Measures, Possible Environmental Impacts and
Potential Mitigation Measures to Control Impacts from Road

Construction and Maintenance ACHVITIES .........cccocvvveriieiinicnie e, 9-36
Analysis of Compliance Measures to Control Impacts from Road
Construction and Maintenance ACtIVItIES...........ccocveverieieennnns 9-37
Possible Environmental Impacts Associated with Road Related
CompPlianCe MEASUIES.......cccveeiieeiieeiiie ettt 9-38
Potential Mitigation Measures to Avoid Environmental Impacts
Associated with Road Related Compliance Measures .............. 9-38

Analysis of Compliance Measures, Associated Environmental Impacts
and Potential Mitigation Measures to Avoid Impacts from Stream

CroSSING ACHIVITIES....c.veviiiiiiieeie e 9-38
Analysis of Compliance Measures to Avoid Impacts Associated
With CrosSing ACHIVITIES. ......ccoiiiiiiiiiee e 9-38
Potential Environmental Impacts Associated with Crossing Related
ComPliaNCe IMBASUIES .......ccveeeieieriisieeeeie et 9-39
Possible Mitigation Measures Associated with Crossing Related
Environmental IMPAcES ..o 9-39

Analysis of Compliance Measures, Associated Environmental Impacts
and Potential Mitigation Measures to Avoid Impacts from Road Planning

ACHIVITIES ..ttt et e e e e e nreenree s 9-39
Analysis of Compliance Measures to Avoid Road Planning
Related IMPACES........ccoiiieiieiie e 9-39

Xii


http:9.5.2.10

9.55.2

Possible Environmental Impacts Associated with Road Planning

Related Compliance MEaSUIES.........c.coerverererininieieie e 9-40
Potential Mitigation Measures to Avoid Impacts with Road
Planning Related Compliance Measures ...........c.ccoceovverernnnnne. 9-40

Analysis of Compliance Measures, Associated Environmental Impacts
and Potential Mitigation Measures to Avoid Impacts from Road

DEeCOMMISSIONING ..vveivvieiie ettt 9-40
Analysis of Compliance Measures Associated with Road
Decommissioning ACHIVITIES.........cccevvveiiie i 9-40
Possible Environmental Impacts Associated with Road
Decommissioning Compliance Measures.........ccccovevvveeiveninnens 9-40
Potential Mitigation Measures to Avoid Impacts from Road
Decommissioning Compliance Measures.........cccccvevveervesnennn, 9-40

Analysis of Compliance Measures, Associated Environmental Impacts,

and Potential Mitigation Measures for Grazing Activities................... 9-41

Analysis of Compliance Measures, Associated Environmental Impacts,
and Potential Mitigation Measures for Grazing Management

= T €= OSSR 9-42
Analysis of Compliance Measures Associated with Grazing
Management PraCtiCesS ..........covvvriririeieniesie e 9-43
Potential Environmental Impacts Associated with Grazing
Management Compliance Measures...........ccoccoevveevnerernennenns 9-43
Possible Mitigation Measures to Avoid Impacts from Grazing
Management PraCtiCesS ..........cocvvvierinieienesie e 9-43

Analysis of Compliance Measures, Associated Environmental Impacts,
and Potential Mitigation Measures for Alternative Water Supply

PrACHICES ...ttt 9-44
Analysis of Compliance Measures Associated with Alternative
Water SUpply PraCtiCeS.......ccovvvieiieiiieiic e 9-44
Possible Environmental Impacts Associated with Alternative
Water SUpply PraCtiCeS.......ccovvvieiieiiieiic e 9-44
Potential Mitigation Measures Associated with Alternative Water
SUPPIY PraCtiCesS......ccovviiiiiiiiciie et 9-44

Analysis of Compliance Measures, Associated Environmental Impacts,
and Potential Mitigation Measures from Riparian Grazing

= T =SSR 9-44
Analysis of Compliance Measures Associated with Riparian
Grazing PraCtiCeS .......ccovueiiiiieriiniieieiee s 9-45
Potential Environmental Impacts Associated with Riparian
Grazing PraCtiCeS .......coeueiviiieiiiiesieieie s 9-45
Possible Mitigation Measures to Avoid Impacts from Riparian
Grazing PraCtiCeS ........ccoveiuiiiiriiiiisiieiee s 9-45

Analysis of Compliance Measures, Associated Environmental Impacts,
and Potential Mitigation Measures for Monitoring Grazing Land
CONAITION ...t et 9-45

Xiii



9.553

9.55.4

Analysis of Compliance Measures Associated with Monitoring

Condition of Grazing Lands ..........cccccevvreniriniinieieiesescsiees 9-45
Potential Environmental Impacts Associated with Monitoring
Conditions of Grazing Lands..........ccccoovervneiinieienencie s 9- 45
Possible Mitigation Measures to Avoid Impacts from Monitoring
Condition of Grazing Lands ...........ccccevvveniieniinieee e 9-45
Analysis of Compliance Measures, Associated Environmental Impacts,
and Potential Mitigation Measures for Irrigated Agriculture............... 9-46

Analysis of Compliance Measures, Associated Environmental Impacts,
and Potential Mitigation Measures from Nutrient Management

PrACLICES ...t 9-46
Analysis of Compliance Measures Associated with Nutrient
MaNAGEMENT. ....viie ittt 9-47
Potential Environmental Impacts Associated with Nutrient
MaANAGEMENT.....eiie et 9-47
Possible Mitigation Measures to Avoid Impacts from Nutrient
Management PractiCes ..........coevvviiieiieeiie e 9-47

Analysis of Compliance Measures, Associated Environmental Impacts,

and Potential Mitigation Measures from Pesticide Management........ 9-47
Analysis of Compliance Measures Associated with Pesticide
MaANAGEMENT. ....evie e 9-47
Potential Environmental Impacts Associated with Implementation
of Compliance Measures for Pesticide Management ................ 9-47

Possible Mitigation Measures to Avoid Impacts Associated with

Implementation of Compliance Measures for Pesticide

MaNAGEMENT.......cieeeiiiee e 9-48
Analysis of Compliance Measures, Associated Environmental Impacts,
and Potential Mitigation Measures from Erosion and Sediment Control

IMIBASUIES ...ttt ettt ettt sb e e b et e e nne e e nneesnneas 9-48
Analysis of Compliance Measures Associated with Erosion and
Sediment Control PractiCes..........ccuvereniiienieniene e 9-48

Potential Environmental Impacts Associated with Implementation
of Compliance Measures for Erosion and Sediment Control .... 9-48
Possible Mitigation Measures to Avoid Impacts Associated with
Implementation of Compliance Measures for Erosion and
Sediment CoNtrol.........cccovveieie e 9-48
Analysis of Compliance Measures, Associated Environmental
Impacts, and Potential Mitigation Measures from Irrigation
MANAGEMENT ...eeiiiie ettt 9-49
Analysis of Compliance Measures, Associated Environmental Impacts,
and Potential Mitigation Measures Associated with Efficient

Transportation of Irrigation Water .............cocovrvviiienenenescceeeee, 9-49
Analysis of Compliance Measures Associated with Efficient
Transportation of Irrigation Water............c.ccoovveienineninienn 9-49

Xiv



9555

9.5.5.6

9.55.7

Potential Environmental Impacts Associated with Compliance
Measures for the Efficient Transportation of Irrigation

Possible Mitigation Measures to Avoid Impacts from

Implementation of Compliance Measures for the Efficient

Transportation of Irrigation Water..............ccooevvniieniinnnnnnn, 9-49
Analysis of Compliance Measures, Associated Environmental Impacts,
and Potential Mitigation Measures Associated with Use of Runoff or

TAIIWALEE ... s 9-49
Analysis of Compliance Measures Associated with Use of Runoff
OF TAHWALET ... 9-50
Potential Environmental Impacts Associated with Compliance
Measures for Use of Runoff or Tailwater..............cccccoeernennenn, 9-50
Possible Mitigation Measures to Avoid Impacts from Installation
of Compliance Measures for Use of Runoff or Tailwater ........ 9-50

Analysis of Compliance Measures, Associated Environmental Impacts,
and Potential Mitigation Measures Associated with the Management of

Drainage WA .......c.oiiiiiiiiseeeee s 9-50
Analysis of Compliance Measures Associated with the
Management of Drainage Water...........cccoceveninininieienenenins 9-50
Potential Environmental Impacts Associated with Compliance
Measures for the Management of Drainage Water .................... 9-51
Possible Mitigation Measures to Avoid Impacts from Compliance
Measures for the Management of Drainage Water .................... 9-51

Analysis of Compliance Measures, Associated Environmental Impacts,
and Potential Mitigation Measures for Timber Harvest Activities on

Public and Private Land ...........ccccooveiiiiiiieiiic e 9-51
Analysis of Compliance Measures Associated with Timber Harvest
Activities on Private Land ...........ccccoovviiiiiin i 9-52
Possible Environmental Impacts Associated with Timber Harvest
Activities on Private Land ...........ccccooviiiiiii i 9-52
Potential Mitigation Measures to Avoid Impacts Associated with Timber
Harvest Activities on Private Land ..........cccccocoevii i 9-53

Analysis of Compliance Measures, Associated Environmental Impacts,
and Potential Mitigation Measures Associated with Fire Management on

Federal LandsS .........ccceiieiieieiie et 9-53
Analysis of Compliance Measures Associated with Fire Management on
Federal Land ........cccccvoeiiiieeece e 9-53
Possible Environmental Impacts Associated with Fire Management on
Federal Land ..o 9-53
Potential Mitigation Measures to Avoid Impacts Associated with Fire
Management on Federal Land ..........ccccooeiiiininininieeese e 9-53

Analysis of Compliance Measures, Associated Environmental
Impacts, and Potential Mitigation Measures for Thermal Refugia
PIOTECTION. ...ttt 9-54

XV



Analysis of Compliance Measures Associated with Thermal Refugia

e (0] (71 1 o SR 9-54
Potential Environmental Impacts Associated with Thermal Refugia
e (0] (=71 1 o] SR 9-54
Potential Mitigation Measures Protection of Thermal Refugia........... 9-54
9.6 Alternative Means of COMPHANCE ........ccoiiiiiiiiiiee s 9-55
9.7. Environmental Checklist and Discussion of FINdiNgS..........cccocvvviiiiie i 9-55
9.7.1 Environmental Checklist COVEr FOrmM ........ccooviiiiiiiiieie e 9-55
9.7.2 Environmental CheckIiSt...........cccooiiiiiii s 9-57
9.7.3 Discussion of Environmental Checklist FINAINGS.........ccccoviviiiiiiieiiicicnc e 9-64
9.8 Alternative Means of COMPIIANCE .........ccveiiiiiiiice e 9-96
9.9 CEQA DeterMINATION .......ecveiiieieeiesiesieee e seeseeesseesae e esse e sseesseeseesseesseesseeneesseeses 9-96
CHAPTER 10. ECONOMIC ANALYSIS
050 1 011 oo [ Tex £ o] o TP PP TSP 10-1
10.2 Scope of the ECONOMIC ANAIYSIS.......cciiiiiiiiieiesiesesese e 10-1
10.2.1 EXIStING REQUITEMENTS .....c.viiiiiicciie ettt e e nbeenree s 10-1
10.2.2 GEOGraphiC SCOPE ....c.veiviieiiiieieie ettt 10-2
10.2.3 MELNOUOIOQY ... .eeiiiciie ettt era e 10-3
10.3 Estimated CostS 0f COMPIANCE .......cciiiiiiieieee s 10-3
O T A = Tod | 1o o LSRR TSOPRURN 10-3
10.3.2 Irrigated AQIICUITUIE ......ooviiiiiiieiee e 10-4
ORI €1 - V.4 | o[ TP P PR STSOPRUR 10-6
10.3.4 SUCLION DIUGING ..ottt bbbttt 10-8
10.3.5 1ron Gate HAtCNEIY ......cc.vi it 10-8
10.3.6 ROAAS. ... .ecueeieeiieie ettt sttt r e te e e ent e s re e te e nra e reeneeneens 10-9
10.3.7 THMDEE ..ttt bbb 10-11
10.3.8 SUMMAIY ..ottt ettt b e bbb 10-12
10.4 SOUKCES OF FUNING ...ooiiiiiiiiiit ettt e e anaeenree s 10-13
10.4.1 Funding Source Provided through the Agreement In Principle (AIP)................ 10-13
10.4.2 Summary of Pertinent State Funding Programs............ccccovvevieiiieiiesieesine e 10-13
10.4.2.1 Agricultural Drainage Loan Program...........ccoccoeeeeienenenesesesennnns 10-13
10.4.2.2 Agricultural Drainage Management Loan Program.............cccceevenne. 10-13
10.4.2.3 Agricultural Water Quality Grants Program ..........c.ccocevvreneneninninns 10-14
10.4.2.4 Federal Clean Water Act Section 319 Nonpoint Source
Implementation Program ..........coceeeeeeneneneseseeee e 10-14
10.4.2.5 Clean Water State Revolving Fund ..........ccccccovviiiiivie i, 10-14
10.4.3 Summary of Pertinent Federal Funding Programs...........c.ccoovvvvieienenencnenienn 10-14
Chapter 10. R EIENCES........iiiie ettt e be e e e beeaneas 10-23
CHAPTER 11. PUBLIC PARTICIPATION
I W] o] [Tl @ 10 | 1 - Uol o SRS 11-1
11.1.1 CEQA SCOPING MEELINGS....ceivieiieiiieitieeiee sttt e sre et srae b e be e reesnna e 11-1
11.1.2 Klamath River TMDL WEDPAJE ......coviiiiiiiieieeree e 11-2
11.2 Presentations to the Regional Water Board .............cccccoeiviiiiiiiiin e 11-2
11.3 Presentations to Various Organizations and CONferences...........ccocvvvverieieneneneniens 11-2

XVi



11.4 Other Meetings about the Klamath River TMDL .........ccccccoiiiiiiiiiiciic e

11.5 Peer Review
11.6 Public Draft

and Opportunities for Public INpUt ...

XVii



APPENDICES

Appendix 1: Proposed Site-Specific Dissolved Oxygen Objective for the Klamath River in
California.

Appendix 2: Nutrient Numeric Endpoint Analysis for the Klamath River, CA.

Appendix 3: Nutrient Dynamics in the Klamath River.

Appendix 4: Effects of Temperature, Dissolved Oxygen/Total Dissolved Gas, Ammonia, and
pH on Salmonids.

Appendix 5:  Fish and Fishery Resources of the Klamath River Basin.

Appendix 6: Klamath River Model for TMDL Development.

Appendix 7: Response to Peer Review Comments on Draft Klamath River TMDLSs.

Appendix 8: Maps of the Klamath River Basin in California Showing the Locations of Known
Thermal Refugia.

XViii



CHAPTER 1

Figure 1.1:

Figure 1.2:
Figure 1.3:
Figure 1.4:
Figure 1.5:
Figure 1.6:
Figure 1.7:
Figure 1.8:

Figure 1.9:
Figure 1.10:

Figure 1.11:

CHAPTER 2

Figure 2.1:

Figure 2.2:

Figure 2.3:

Figure 2.4:

Figure 2.5:

Figure 2.6:

LIST OF FIGURES

Klamath River Basin Showing Rivers, Lakes and Reservoirs, Population

Centers, and Major ROAAS...........ciuiiiieiiieiie e nree s 1-2
Land Ownership in the Klamath River Basin...........ccoceoviinininiiiiie e 1-11
Land Elevation in the Klamath River Basin ...........cccovviiiininiie e, 1-12
Geomorphic Provinces in the Klamath River Basin............ccoocvvviineienininienen, 1-13
Geologic Map of the Klamath River Basin.........c.cccccovviiiiiiee i 1-15
Vegetation and Land Cover of the Klamath River Basin ...........ccccoevviveiviiinnnnn, 1-17
Average Annual Rainfall in the Klamath River Basin...........cccccooeveviiiiiciieninnnn, 1-18
Average Monthly Precipitation, 1905-2003, in Klamath Falls, Oregon and

Orleans, CalifOrNIa........couiiiiiiieie e 1-19
Map of Klamath River Basin Emphasizing Subbasins and Surface Drainage ......... 20
Monthly Average Flows at Five Klamath River Locations, Water Years

1963-2005 ....oouveeecieeteee ettt ettt e et e et e renreareene e 1-21

Estimated Unimpaired Klamath River Flows at Seiad Valley, California,
and Historic Monthly Average Klamath River Flow at Seiad Valley, California;
Water Years 1952-2004 ..........oooiiiiieiieiie et 1-23

Relationship of chlorophyll-a and Microcystis aeruginosa (MSAE) cell density at
monitoring stations along the Klamath River (2005-2007) from above Copco
Reservoir to the lower Klamath RIVer StUary...........ccoceverineninnienene e 2-19
Relationship of chlorophyll-a and microcystin at monitoring stations along the
Klamath River (2005-2007) from above Copco Reservoir to the lower Klamath
RIVEE BSTUAIY ..ttt ettt e st e e te e e e sae e baennnas 2-20
Microcystis aeruginosa (MSAE) cell density exceedance probability plotted as a
function of chlorophyll-a concentration (10 ug/L) for Iron Gate and Copco
Reservoirs using data collected by the Karuk Tribe of California Natural Resources
Department for the years 2005, 2006, and 2007 during peak growing season

(JUNE = AUGUSL) .ottt bbbttt 2-21
Probability of exceeding various WHO public health Microcystis aeruginosa
(MSAE) cell density levels at varying Chl-a concentration (a), and probability

of exceeding various WHO public health microcystin toxin levels at varying

Chl-a concentration (b) in Copco and Iron Gate Reservoirs and the Klamath

RIVET, 2005-2007 ....coviieerieieiiesie ettt sttt beere e e 2-22
Relationship of Microcystis aeruginosa (MSAE) cell density and microcystin
concentrations for stations along the Klamath River from above Copco

Reservoir to the lower Klamath River estuary for the years 2006 and

2007 (Kann 2009). .....oiueiieiieieieie et seseeee et sne e nneas 2-23
Microcystin exceedance probability plotted as a function of Microcystis

aeruginosa cell density for Iron Gate and Copco Reservoirs using data collected

by the Karuk Tribe of California Natural Resources Department and PacifiCorp

for the years 2005, 2006, and 2007 during peak growing season (June —

XiX



Figure 2.7:  Nutrient Conceptual Model for the Klamath River in California............c............ 2-28
Figure 2.8:  Temperature Conceptual Model for the Klamath River in California.................. 2-29
Figure 2.9:  Life cycle of C. shasta showing release of the myxospore stage from the infected
fish, the polychaete alternate host, and release of the alternate actinospore stage
Trom the POIYCHABTE.........oiieee e 2-33
Figure 2.10: Severity of Ceratomyxosis in Klamath River suggests a shift in the host/parasite
balance towards C. ShaSta..........ccooiiiiiiiiii e 2-34
Figure 2.11 : Measured Klamath River MWMTS, 2000-2005. ........ccccccerverierieniereeieseeneenens 2-49
Figure 2.12: Current and Estimated Natural Temperatures Downstream of Iron Gate Dam,
with difference in temperature, 2000 ...........cooeiieieiinieereee e 2-50
Figure 2.13: Simulated Klamath River temperatures, by week, 2000-2004 .............cccccevvevvrenne. 2-51
Figure 2.14: Klamath River Tributary Mouth MWMTSs Stream Temperatures 2000-2005...... 2-52
Figure 2.15: Dissolved oxygen and temperature depth profiles in Iron Gate Reservoir —
average for July and August 2000 — 2005 .........cccouerrieneninenieeeiee e 2-53
Figure 2.16: Comparison of total phosphorous concentrations for existing conditions
(consolidated monitoring data 1996-2007) with estimated (TMDL model) natural
conditions baseline at Klamath River monitoring stations in California.............. 2-55
Figure 2.17: Comparison of total nitrogen concentrations for existing conditions (consolidated
monitoring data 1996-2007) with estimated (TMDL model) natural conditions
baseline at Klamath River monitoring stations in California.............ccccccocccvenee. 2-56
Figure 2.18: Consolidated benthic algal biomass monitoring results (summer mean and
maximum) for 2003 - 2007 with CA NNE/TMDL numeric target .............cco.... 2-56
Figure 2.19: Example diurnal DO and pH cycle below Iron Gate Dam, summer 2006 ........... 2-57
Figure 2.20: Example diurnal DO and pH cycle above the Shasta River, summer 2004 ......... 2-58
Figure 2.21: Example diurnal DO and pH cycle at Seiad Valley, summer 2002...................... 2-58
Figure 2.22: Comparison of central tendencies of summer (May — September) chlorophyll-a
measurements for 2005, 2006, and 2007 at twenty monitoring stations along the
KIAMAEN RIVET. ...ttt 2-59
Figure 2.23: Longitudinal analysis of summer (May through September) chlorophyll-a
concentrations from 2005 — 2007 along the Klamath RiVer. .........ccccocieieniniene 2-60
Figure 2.24: Summer mean and maximum concentrations of chlorophyll-a (2000 — 2007)
at four stations within the Iron Gate and Copco RESEIVOIrS.........cccocvvvrervrinnnnns 2- 61
Figure 2.25: Percent of DO measurements below the Basin Plan Water Quality Objective of
8.0 mg/L for 2005 at nine stations along the Klamath RiVer...........cccccocviiennee. 2-64
Figure 2.26: Calculated percent DO saturation at nine stations on the Klamath River
for 2005 based on data sonde measurements made by U.S. Fish and Wildlife
SBIVICE. ..ttt ettt r bbbt et b e neenaeas 2-65
Figure 2.27: Percent of 2005 pH measurements in the Klamath River that exceed 8.5............ 2-67
Figure 2.28: Mapped extent of stream channels substantially altered by sediment loads
associated With the 1997 FloOd. .........coeiiiiiiiiiiee e 2-68
Figure 2.29: Fish Kill Years and Locations in the Klamath River in California...................... 2-72
CHAPTER 3
Figure 3.1:  Model segments in Oregon and Northern California............c.ccoovvvvvieieiciienennnnns 3-3
Figure 3.2:  Model segments in California..........ccccoiiiiiie i 3-3

XX



CHAPTER 4

Figure 4.1:
Figure 4.2:
Figure 4.3:
Figure 4.4:
Figure 4.5:
Figure 4.6:
Figure 4.7:
Figure 4.8:

Figure 4.9:

Figure 4.10:
Figure 4.11:
Figure 4.12:
Figure 4.13:
Figure 4.14:
Figure 4.15:
Figure 4.16:
Figure 4.17:
Figure 4.18:
Figure 4.19:
Figure 4.20:

Figure 4.21:

CHAPTER 5

Figure 5.1:

Figure 5.2:

Current Total Phosphorous Annual Loading Diagram .........c.ccocevvveienencnennnnnns 4-6
Current Total Nitrogen Annual Loading Diagram..........ccccceeveeviiiiiieviesieesie s 4-7
Current Organic Matter (as CBOD) Annual Loading Diagram...........cccccceevenvnnne 4-8
Estimated temperature changes at Stateline due to reservoirs and irrigation

Feturn fIOWS UPSTIEAIM ......cuiiiiiiiiiiceee e 4-11
Estimated change in daily maximum temperature at Stateline resulting from

altered flows, 2000 SIMUIALION YEAI ........cccveiieiieieeie e 4-12
Comparison of Current Annual TP, TN, and CBOD Loads at Stateline

to Natural Conditions Baseling LOadS ..........cccevverueririeenenie e seese e 4-13
Calculated change in daily maximum Klamath River temperatures resulting

from the presence of Copco Reservoir for the 2000 calendar year....................... 4-14
Calculated change in daily maximum Klamath River temperatures resulting

from the presence of Iron Gate Reservoir for the 2000 calendar year.................. 4-15

Comparison of PO, concentrations immediately downstream of Iron Gate
Reservoir illustrating contribution of nutrient flux from reservoir sediments

under anoxic conditions (summer stratification) ............ccccevveeiie i, 4-18
Change in Klamath River daily maximum temperatures resulting from

current and Shasta TMDL compliant Shasta River conditions............cc.cccceeevenne. 4-24
Change in Klamath River daily maximum temperatures resulting from

current and estimated natural Shasta River conditions............c.ccoeeviniiiinnennns 4-24
Estimated daily average Shasta River temperatures at the mouth of the

Shasta River for the three management scenarios evaluated..............cccccceevveenen. 4-25
Change in Klamath River daily maximum temperatures resulting from

current and Scott TMDL compliant Scott River conditions.............cccocevevveeiieenne 4-26
Change in Klamath River daily maximum temperatures resulting from

current and originally estimated natural Scott River conditions..............c...cc....... 4-26
Change in Klamath River daily maximum temperatures resulting from

current and revised natural Scott River conditions estimates...........ccc.cceveveveninnne 4-27
Estimated daily average Scott River temperatures at the mouth of the

Scott RIVer fOr three SCENAIIOS ........ccve it 4-27
Comparison of estimated daily average Scott River Temperature conditions

to estimated daily average Klamath River conditions ...........ccccccceviiiiiciiicninnnn, 4-28
Change in Klamath River daily maximum temperatures resulting from

current and estimated natural Trinity River conditions ............cccccocveviiiiiicnieen, 4-29
Change in Klamath River daily maximum temperatures resulting from

current and Trinity ROD compliant Trinity River conditions .............cccccevevveane 4-29
Current Total Annual Loading (Pounds/Year) of Total Phosphorus, Total

Nitrogen, and CBOD to the Klamath River from California Tributaries ............. 4-33
Shasta River Comparison of Current Loads (pounds/year) of TP, TN, and

CBOD with Natural Conditions Baseline Loads ............ccocveveiiiininninienieniens 4-34

Annual Total Phosphorous Loading Capacity and Allocations for the Klamath
RIVEr IN CalIfOINIA ..o s 5-6
Annual Total Nitrogen Loading Capacity and Allocations for the Klamath

XXi



Figure 5.3:
Figure 5.4:
Figure 5.5:
Figure 5.6:
Figure 5.7:
Figure 5.8:
Figure 5.9:
Figure 5.10:

Figure 5.11
Figure 5.12:

RIVEr IN CalifOrNIa . ...ooiviececc e 5-7
Annual Organic Matter (CBOD) Loading Capacity and Allocations for the

CHAPTER 6

Figure 6.1:

Figure 6.2:
Figure 6.3:

CHAPTER 7

Figure 7.1:
Figure 7.2:

Klamath RivVer in California...........ooiiiiiiiiiiii e 5-8
Effective shade vs. channel width for various channel orientations,

Douglas Fir and mixed hardwood-conifer forests. ..........cccoccveviiiiiiiie e 5-12
Effective shade vs. channel width for various channel orientations,

Klamath mixed conifer and Ponderosa Pine forests ..........coocvveiieieiinniencnnenen, 5-13
Effective shade vs. channel width for various channel orientations,

08K WOOAIANA FOTESL. ... 5-13
Natural temperature change through the Copco Reservoir reaches...................... 5-17
Natural temperature change through the Iron Gate Reservoir reach ................... 5-18
Loading Condition Comparison Below Iron Gate Dam for Total

PROSPNOIUS ... s 5-23
Loading Condition Comparison Below Iron Gate Dam for Total

N [ (0 =T o P PROUR TSRS 5-23
Loading Condition Comparison Below Iron Gate Dam for CBOD ..................... 5-24
Illustrated Conceptual Model of Reservoir Compliance Lens for

Temperature and DiSSOIVE OXYJEN.......ccviiiiiiiiiieiee e 5-25
Map of Klamath Hydroelectric Project Facilities. Link River Dam is not part

0 S | SSRSPR 6-12
The LoSt RIVEN DASIN ......ocuiiiiie s 6-18
Conceptual diagram of proposed buffers in and around the confluence of a

tributary providing thermal refugia.............cccoviiiiiiiii 6-31
KBWQMCG Monitoring Sites in 2008 by Organization .............ccccccevenererennnn. 7-7
Location of California Klamath River TMDL Monitoring Stations —

Compliance, Public Health, and Special Study ...........ccccoooviiiiiiiiininee, 7-13

XXil



CHAPTER
Table 1.1:
Table 1.2:
Table 1.3:

Table 1.4:

CHAPTER
Table 2.1:
Table 2.2:
Table 2.3:

Table 2.4
Table 2.5
Table 2.6:
Table 2.7:

LIST OF TABLES

1
Klamath River Water Quality Impairments in California.............cccocoevenininnnnnne 1-3
Status of TMDLs in the Klamath River Basin...........cccooeveiinienieiese e 1-4
Fully Appropriated Klamath River Reaches and Tributaries to the Klamath
RIVEr 1N CalITOINIA ...ooiiiii e 1-24
Summary of Water Rights in the Klamath River Basin in California................... 1-25
2
Hoopa Valley Tribe Numeric Nutrient Criteria..........cccoovvevieevieiiieiie e 2-11
Hoopa Valley Tribe Numeric Nutrient and Toxicity Related Criteria ................. 2-11
Karuk Tribe, Resighini Rancheria, and Yurok Tribe Narrative Objectives and
Criteria for the Klamath River in California..........cccoovviiiieerieein e 2-12
Karuk Tribe Numeric Water Quality ODJECLIVES .........ccccveiieeiiiiie e 2-14
Resighini Rancheria Numeric Water Quality Criteria..........c.ccoovvovvierenineneninnn 2-14
Yurok Tribe Numeric Water Quality ObJectiVes.........cccevviieiiieiiecse e, 2-14
Percent exceedance for MSAE cell densities and microcystin toxin concentrations

at threshold chlorophyll a of 10 pg/L, and percent exceedance for microcystin toxin
concentrations at threshold MSAE cell density of 20,000 cells/ml; Klamath River,

California 2005-2007 ........coeiierierieie e bbb 2-25
Table 2.8:  MWMT Chronic Effects Temperature Thresholds...........ccccoovviiiicicnciinne, 2-48
Table 2.9:  Lethal Temperature Thresholds ..........ccooiiviiiiiiic i 2-48
Table 2.10: Summary of blue-green algae and microcystin monitoring data for 2006, 2007, and

2008, ettt bRt e ettt beare e e e 2-63
Table 2.11: Percent of DO measurements below Basin Plan Water Quality Objective of 8.0

mg/L for 2004 — 2006 at nine stations along the Klamath River...........c..ccccoc.... 2-64
Table 2.12: Percent of calculated percent DO saturation estimates below the proposed Basin

Plan Water Quality Objective of 85% saturation for 2004 — 2006 at nine stations

along the KIlamath RIVET ..o 2-65
Table 2.13: Percent of pH measurements above 8.5 for 2004 — 2006 at nine stations along

the KIamath RIVET. ..ot 2-66
Table 2.14: Juvenile Fish Kill Locations and Causes in the Klamath River in California....... 2-73
Table 2.15: Adult Fish Kill Locations and Causes in the Klamath River in California .......... 2-73
Table 2.16: Karuk, Yurok, and Quartz Valley Tribes Cultural Beneficial Uses (CUL and

FISH) of the Klamath River and TribUtaries ...........cccovvinininnieesc e, 2-81
Table 2.17: Detection of Microcystin in Fish Tissue and Liver Samples from the Klamath

RIVEr @Nd RESEIVOITS........eiiiveiieie ettt a et esaeaneesneesreenee e 2-85
Table 2.18: Estimates of Maximum Dollars for the ex-Vessel price of the Commercial Ocean

Salmon Fishery for the Four Major Ports within the KMZ from 1976-1990 and

1991-2001. ..ottt bbbt re e reene e 2-87
CHAPTER 3
Table 3.1:  Models applied to each Klamath River and estuary sSegment...........cccceeererennnn 3-2
Table 3.2:  Shasta River water quality model validation results............ccccovevvveviie e 3-12

XXiii



Table 3.3:

Estimated and measured flows at USGS’ “Scott River near Fort Jones”

0= LU [P PT TP 3-15
CHAPTER 4
Table 4.1:  Klamath River Anthropogenic Pollutant Source Categories Impacting Water

Quality Parameters OF CONCEIM ........ccuiiiieieie e 4-3
Table 4.2:  Current and Natural Conditions Baseline Nutrient and Organic Matter

Loadings to the Klamath River in California...........c.ccoovvviiiiieniiinicce e 4-9
Table 4.3:  Hydraulic Parameters for Klamath Reservoirs (May 2004 - May 2005).............. 4-16
Table 4.4  TMDL Model Estimates of Current Total Phosphorus and Total Nitrogen

Loads at Stateline, Copco Outlet, and Iron Gate Outlet ..........ccccooveviiiiiiiieenns 4-19
Table 4.5  Estimated Nutrient Retention and Export for Copco and Iron Gate

RESEIVOIIS ..ottt b e e b e e nbeebesnee s 4-20
CHAPTER 5
Table 5.1:  Summary of Klamath River TMDLs Numeric Targets and Allocations............... 5-2
Table 5.2:  Total Phosphorus TMDL (IDS.) ..c..eeiuiiiiiiiieciccc e 5-10
Table 5.3:  Total Nitrogen TMDL (1DS.) ..c.vooviiiiiiiiieeiece e 5-10
Table 5.4:  Total Organic Matter TMDL (IDS.) .....coviiiiiiiicc e 5-11
Table 5.5:  Temperature Numeric Targets (°C) at Stateline, Expressed as Monthly

F N T 2T [ S TUPPRPPPR 5-15
Table 5.6:  Temperature Numeric Targets for Iron Gate and Copco Reservoir Tailrace

Waters, Expressed as Monthly AVErages.........cocvvvveiieiieeiic i 5-16
Table 5.7:  Temperature Load Allocations for Reservoir Tailrace Waters, Expressed as

Increase Relative to INFIOW ...........cooiiiiii e 5-18
Table 5.8:  Temperature Numeric Targets for Iron Gate Hatchery, Expressed as Monthly

F N T - T [ SRR 5-18
Table 5.9:  Dissolved Oxygen Numeric Targets (mg/L) at Stateline............cccoovvevenirnnnnn 5-19
Table 5.10: Nutrient and Organic Matter Monthly Mean Concentrations (mg/L)

Allocations at StateliNe. ........ccvviiiiiee e 5-20
Table 5.11: Dissolved Oxygen Numeric Targets (mg/L) for Copco 2

and 110N Gate TaIlFACES ......ccuviieiieieee et neas 5-20
Table 5.12: Nutrient and Organic Matter Monthly Mean Concentration Targets (mg/L)

for Copco 2 and Iron Gate TaIlraCES. ........ecevireiiiieierec e 5-21
Table 5.13: Nutrient and Organic Matter Monthly Mean Concentration Targets (mg/L)

for Mid-Point of Copco 1 and Iron Gate RESEIVOIIS.........cccveverivereerreierieneaiens 5-21
Table 5.14: Dissolved Oxygen Numeric Targets (mg/L) for Iron Gate Hatchery Discharge.. 5-26
Table 5.15: Nutrient and Organic Matter Monthly Mean Concentration Targets (mg/L)

for Iron Gate Hatchery Based on California Compliance Conditions With

INO DIAIMS .ttt e et st e st e e st e e e ssbn e e snbeeesnneeeanes 5-26
Table 5.16: Dissolved Oxygen Numeric Targets (mg/L) for the Klamath River Mainstem

Below the Salmon RIVET .........cov i 5-26
Table 5.17: Nutrient and Organic Matter Monthly Mean Targets (mg/L) for Klamath

River Below the Salmon RIVET ..o 5-27
Table 5.18: Nutrient and Organic Matter Seasonal Monthly Mean Concentration

Allocations (mg/L) for Tributaries to the Klamath RiVer............ccccooivnninnnnn. 5-27

XXiV


http:Table5.14

Table 5.19:

Nutrient and Organic Matter Annual Monthly Mean Concentration

Allocations (mg/L) for Tributaries to the Klamath RiVer............cccccoovniiinnnnn. 5-28
CHAPTER 6
Table 6.1:  Nonpoint Source Regulatory Mechanisms for Implementation of Klamath
RIVEE TIVIDLS ...ttt ettt ettt ettt nne e teanaenneesneenaeaneennees 6-3
Table 6.2:  Responsible Parties for Implementation of Nonpoint Source Regulatory
MECRANISIMS ...t te e te e teenaesreesreenteaneenrees 6-4
Table 6.3: Completed TMDLs for the major tributaries of the Klamath River basin............ 6-16
Table 6.4:  Lost River TMDLs and Allocations by Segment ..o 6-19
Table 6.5:  Tributaries to the Klamath River Known to Provide Thermal Refugia In and
Around Their CONTIUBNCE. .....ocveiieece e 6-30
CHAPTER 7
Table 7.1:  Members of the KBWQMCG as of March 18, 2008...........cccccccveeeviveeeviiee e, 7-4
Table 7.2:  Organizations collecting water quality data in the Klamath River basin as of
February 15, 2009 ........ooiiiiieiie e 7-6
Table 7.3:  California Klamath TMDL Monitoring Locations, Parameters, and
ODJECLIVES .ttt e e et be e anae s 7-9
Table 7.4: 2009 Klamath River Sampling Sites for Public Health Monitoring of Cyanobacteria
and Cyanotoxins in Surface Water Samples and the Entities Responsible for 2009
SAMPIE COHBCTION ... 7-15
Table 7.5:  Klamath River AIP Monitoring Program 2009 — Summary Table of Public Health
Monitoring Locations, Constituents, Method, and Frequency ..........ccccceecervrnenee. 7-16
Table 7.6:  Sample Sites in the Klamath River for 2009-2010 Monitoring of Cyanotoxins in
IMIUSSEI THSSUE. ...ttt eiee st e et e e et te e e st e ae et eereesre e e aneesreenreenee e 7-18
Table 7.7:  Klamath River TMDL Monitoring Program Trend Monitoring Location,
Parameter, Frequency — Summary Table..........cooviiiiiii e, 7-22
CHAPTER 9
Table 9.1:  Anthropogenic Pollutant Source Land Use Categories ........cccoovevveiiveeiiesiieesineenn, 9-6
CHAPTER 10
Table 10.1: Costs to PacifiCorp of Interim Compliance Measures ...........coccocveveererenenennnnn 10-4
Table 10.2: Estimated Costs to Irrigated Agriculture of Reasonably Foreseeable Compliance
IMIBASUIES ...ttt et ekt e et e s sttt e s st e e st e e nnb e e nnbe e e nnbeeennes 10-4
Table 10.3: Costs to Grazing of Reasonably Foreseeable Compliance Measures................... 10-7
Table 10.4: Estimated Costs for Reasonably Foreseeable Compliance Measures for
ROBAS. ... bbb nae s 10-9
Table 10.5: Estimated Costs to Timber Operators of Reasonably Foreseeable Compliance
IVIBASUIES ...tttk etttk b et e et e bt e s se e e b e e e b e e anneebeennn e e e 10-11
Table 10.6: Estimated Costs of Coho Recovery Actions for the Klamath River Basin......... 10-12
Table 10.7:  Summary of Pertinent Federal Funding Programs............cccccoevveviieiiicviiesiieecnnn, 10-15
CHAPTER 11
Table 11.1: Public Meetings for the Klamath River TMDL ........ccocooiiiiiiiniiieic e 11-1

XXV



Table 11.2: Presentations Given at Regional Water Board Meetings.........cccccovevveiieeiveiinnens 11-2
Table 11.3: Presentations Given at Other Organization’s Public Meetings
AN CONTEIBNCES ...ttt nes 11-3

XXVi



